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INTRODUCTION
Robotic resection for lung cancer is becoming increasingly accepted by the thoracic surgery community. Several recent publications have demonstrated the feasibility, safety, and equivalent oncologic outcomes for robotic anatomic resections compared to traditional Video-Assisted Thoracic Surgery (VATS) and improved postoperative outcomes compared to traditional thoracotomy [1] [2] [3] [4] [5] [6] . Advantages of robotic resection over traditional VATS include improved visualization with three-dimensional viewing, articulated instruments, and increased flexibility in areas of limited operating space. Previous drawbacks to robotics have required an experienced bedside assistant for division of the hilar structures with a traditional VATS stapler, or for the operating surgeon to leave the console to return to the bedside to perform this critical portion of the operation. In 2014, the da Vinci Xi System (Intuitive Surgical, Sunnyvale CA) was introduced, with instrument updates in early 2016 which provided a 30-mm curved-tip stapler that was capable of providing the console surgeon the ability to control and fire staplers for division of vascular, bronchial, and parenchymal structures [7, 8] . This decreased some of the potential limitations for surgeons to perform minimally invasive anatomic lung resections by allowing a critical step to be placed back in the hands of the operating surgeon at the console [9] .
Currently, there is a paucity of data regarding the perioperative outcomes of robotic anatomic lung resection comparing robotic staplers to traditional VATS stapling devices. We sought to investigate our institutional experience with patients undergoing robotic anatomic lung resection stratified by the type of stapler used over a contemporary period.
METHODS

Patients
A retrospective analysis of an institutional review board approved prospective Thoracic Surgery database was performed. All consecutive patients who underwent lung resection between 1 January 2015 and 31 December 2018 were included. Patients were excluded if they underwent a non-anatomic resection (wedge), underwent planned or were converted to a thoracotomy, or had a VATS that did not include the use of the da Vinci robotic system [ Figure 1 ]. The primary aim of this study was to investigate intraoperative and postoperative outcomes with the da Vinci EndoWrist® robotic stapler compared to the Covidien Endo GIA TM stapler (Medtronic, Fridley MN) in robotic anatomic lung resections. This study was approved by the Committee for the Protection of Human Subjects (#30040).
Data collection
Demographic data (age, sex, and race), pulmonary co-morbidities, operative data (operative time and stapler use), pathologic data (stage and lymph nodes collected), postoperative length of stay (LOS), and 30-day complications were obtained. Operative time, in minutes, was calculated from surgery start and stop times. Postoperative complications were monitored for 30 days from the index procedure date and graded I-IV as classified by Clavien-Dindo [10, 11] . The primary outcome of interest was presence of a postoperative prolonged air leak (PAL), which was defined as an air leak lasting more than five days, as defined by the Society of Thoracic Surgeons [12] .
Surgical technique
Anatomic lung resections were performed by two surgeons as previously described [13] . Briefly, all resections utilized the da Vinci Xi system with a four-arm technique and an additional 15-mm assistant port. The camera and robotic ports are placed in the 6th-8th intercostal spaces, depending on the tumor site. The assistant port is placed as low as possible without traversing the diaphragm. When a traditional VATS stapler is used, 8-mm robotic trocars are placed and the stapler is introduced via the 15-mm assistant port. When the robotic stapler is used, one or two 12-mm trocars are placed, as described previously [7] . There are limited requirements for the assistant to change instruments when the robotic stapler is used, but he/she maintains the ability to insert ancillary instruments and remove specimens without undocking a robotic arm. In addition, retraction and tension are controlled by the surgeon and exposure of the operative field is more stable [14, 15] . Typically, a bipolar grasper is used in the surgeon's left hand and a monopolar spatula in the right. Retraction is facilitated via a tip-up fenestrated grasper in the 3rd arm. The spatula provides excellent blunt dissection capability, has less arc than the hook, and is less sharp than the Maryland bipolar dissector. A mediastinal lymph node dissection is performed initially, as it provides exposure for portions of the bronchial and lobar lymph node dissections. The pulmonary artery in the fissure is then dissected as appropriate, limiting the dissection of lung parenchyma as much as possible. The hilar structures and lymph nodes are then circumferentially dissected. The vascular structures are often divided first, followed by the bronchus. Any remaining lung parenchyma is divided at convenient points to facilitate exposure.
Stapler
Stapler choice was at the discretion of the attending surgeon. Intuitive released the 30-mm curved EndoWrist® robotic stapler in early 2016 and the first use of this stapler at our institution occurred in September 2016. Robotic stapler use was exclusively performed by one surgeon (JDP). Typically, division of structures by staple load were: vascular (white), bronchus (green), and parenchyma (blue or green based on thickness). Hilar structures are typically divided with the 30-mm curved stapler and parenchyma with the 45-mm stapler. The Covidien Endo GIA TM 12-mm stapler with Tri-Staple TM 2.0 Intelligent Reload technology was used during the study period. Typically, division of structures by staple load were: vascular (tan), bronchus (purple), and parenchyma (tan, purple, or black based on thickness).
Analysis
Univariate analysis was performed to assess for differences in perioperative, intraoperative, and postoperative characteristics between the cases that utilized the EndroWrist® robotic stapler and those that utilized the Endo GIA TM stapler. Two-tailed student's t-tests were used for continuous variables and chisquare tests were used for categorical variables. A P-value of < 0.05 was considered statistically significant.
RESULTS
In total, 634 lung resections occurred during the study period. Of those, 236 met inclusion criteria, and 49 cases (20.8%) utilized the robotic stapler fully. Three cases used the robotic stapler for division of the hilar structures but the Covidien stapler for division of the lung parenchyma. These three cases were classified in the Covidien stapler group. Of note, only 12 planned robotic cases were converted to open and were excluded, corresponding to a conversion rate of 4.8%. Of these 12 conversions: three were following induction therapy, two required a pulmonary artery plasty, and seven were related to a combination of adhesions or tumor location that limited safe dissection around critical structures. Table 1 provides a comparison of the perioperative patient characteristics between the robotic and traditional stapler groups. There was no difference in demographics between the two groups, with a mean age of 67 in both and most patients were Caucasian. The robotic stapler group had more patients with a history of asthma, (14.2% vs. 5.9%, P = 0.05), but otherwise did not differ in the presence of other co-morbidities. In addition, there were no differences in preoperative pulmonary function testing or rate of induction therapy.
Intraoperative characteristics between the two groups are compared in Table 2 . Cases that utilized the robotic stapler had a significantly longer average operative time (224 min vs. 176 min, P < 0.001). Given that these cases were performed by a surgeon in the first few years of practice, this likely reflects a learning curve rather than inherent delay with use of the robotic stapler, as evidenced by a significant decrease in average operative time from 2016-2017 (n = 21) to 2018 (n = 28) (247 min vs. 207 min, respectively; P = 0.01). There was no difference in the average number of staple loads used per case between the two groups. While the number of staple loads may seem high, anatomic resection is often preceded by a diagnostic wedge, which obviously increases the total number of staple loads used. Pathologic staging was similar between the two groups, although there were significantly more stage IIB cases in the robotic stapler group. There were no differences in lymph node stations or total lymph nodes collected between groups.
Postoperative outcomes are compared in Table 3 . There was no difference in average LOS between the two groups (median three days for both). Median chest tube duration was two days for both groups, and ~20% of patients in each group were discharged with a chest tube. The overall postoperative PAL rate was 25.8% for the entire cohort. Within the robotic stapler group, the PAL rate was 20.4%, compared to 27.3% in the Covidien stapler group (P = 0.33). In the robotic stapler group, one patient with a PAL underwent a bedside doxycycline pleurodesis. In the Covidien stapler group, 10 patients underwent a procedure for management (six had bedside doxycycline pleurodesis, three had endobronchial valves, and one had both bedside 
DISCUSSION
As new technology becomes available, it is important that surgeons critically evaluate its use. The 30-mm curve tip EndoWrist® stapler was introduced in March 2016. However, only a few reports to date in the literature describe its use in pulmonary resections [7, 8, 16, 17] . To our knowledge, the current study is the first to directly compare the robotic stapler and a traditional VATS stapler related to perioperative outcomes in robotic anatomic lung resections. We found no clinically significant differences in preoperative characteristics between the two stapler groups at our institution. There were also no clinically significant differences noted in the number of staple loads used, pathologic stage, or lymph nodes harvested. We did identify a significant increase in operative time in the group that utilized the robotic stapler. As the robotic stapler was exclusively used by a new attending surgeon, this likely represents a learning curve rather than an intrinsic delay related to stapler use, as evidenced by the significant reduction in operative time for these cases over the course of the study period. Moreover, there were no differences in LOS, chest tube duration, or postoperative complications between the two groups. Overall, our outcomes are in-line with recently published experiences [6,8,18,19 ] .
Ultimately, we did not find a difference in the rate of postoperative PAL or chest tube duration between the two groups. While a recent analysis of the Society of Thoracic Surgeons DataBase reported an overall rate of PAL of 10.4% [20] , rates following anatomic lung resection range from 6% to 30% [19] . Several risk factors have been reported to increase the risk of PAL, including forced expiratory volume in 1 second < 70% of predicted, body mass index < 25 kg/m 2 , previous smoking, anatomic lung resection, pleural adhesions, male sex, and right upper lobe procedure [19, 20] . Many of our patients have several, if not most of these risk factors. In addition, our rural patient population has a significant proportion of patients who began smoking at an early age. Smoking in childhood and during the teenage years can slow lung development and increase the risk of chronic obstructive pulmonary disease in adulthood [21] . Early smoke exposure leads to airway inflammation and parenchymal lung injury with larger saccules, increased density of interstitial tissue, and reduced elastin and collagen [22] . These factors may help to explain our rate of postoperative PAL in the setting of otherwise low rates of complications. However, our study is not powered or intended to predict an increase in PAL based on these factors. In addition, we are aggressive about discharging patients from the hospital with a chest tube in place. Given our rural catchment area, this may result in some delay in actual chest tube removal beyond Postoperative Day 5 when an air leak is not actually present.
Variability in the techniques of robotic anatomic lung resection exist. A recently published survey of highvolume robotic thoracic surgeons demonstrated that most respondents utilized a four-arm approach and 94% used an additional non-robotic assistant port [23] . In respondents, there was not a universal standard port placement, and stapling port strategies were nuanced by lobe and type of stapler used. As additional technologies are developed, it will be important to evaluate their efficacy and effectiveness, in terms of both clinical outcomes and healthcare costs. 4 Unexpected return to OR within 30-days of index procedure. 5 Defined as an air leak that lasted beyond postoperative day 5. 6 Requiring drainage. 7 Requiring bronchoscopy. 8 Requiring chest tube reinsertion. 9 Requiring treatment. 10 Includes anemia, bowel obstruction, dehydration, syncope, hyponatremia, gastrointestinal bleed, fluid overload, and thrombus. x: statistics unable to be performed
The successful performance of robotic lung resection requires a strong team in the operating room composed of surgeons, nurses, surgical techs, anesthesia providers, and a bedside assistant. The literature describes the learning curve of a robotic lobectomy as 18-32 cases for a surgeon and 20 for a bedside assistant [24] [25] [26] . Specific to anatomic lung resection, division of the pulmonary vascular structures is a potentially hazardous portion of the operation that requires significant skill to perform safely. Prior to the development of the robotic stapler, this required a competent bedside assistant or the console surgeon to return to the bedside. At our institution, we have dedicated physician assistants or trained residents who can safely complete these tasks. However, this may not be the case for every thoracic surgeon. Others have fully described the range of motion capabilities of the EndoWrist® stapler, as well as the safety components that ensure adequate closing and prevent the firing of an incorrectly loaded or spent reload [8] . Drawbacks of using the robotic stapler are the need for a 12-mm port, the long length of the stapler load that can impede maneuverability in the chest, and the rotational limitation that can occur when the wrist is fully flexed. This stapler does provide the console surgeon with the ability to control the stapler during division of critical structures and may improve one's ability to perform complex minimally invasive techniques with reduced conversions [9, 17] . These benefits may be more apparent at sites where a fully thoracic-trained bedside assistant is not available.
The findings of our study should be viewed in the context of several limitations. This is a retrospective, single institution cohort study and subject to potential selection bias, and our results may not be generalizable to other patient populations. In addition, our data show that the robotic stapler group operating time was significantly longer. However, as mentioned above, this is likely related to one surgeon's learning curve and not an inherently longer time for use of the stapler. Nevertheless, our outcomes are inline or better than those reported by multiple authors in the literature, and, to our knowledge, this is the first study to directly compare the EndoWrist® robotic stapler to a traditional Endo GIA TM stapler. Clinical outcomes appear to be equivalent in our patient population and further study is needed to assess if there is a difference in cost-effectiveness between these devices.
In conclusion, robotic anatomic lung resection has been shown to be safe and feasible with equivalent long-term oncologic outcomes when compared to VATS and thoracotomy. In this study, we compared perioperative outcomes of patients undergoing robotic anatomic lung resection to assess whether there are any differences based on the type of stapler utilized. We found equivalent rates of complications, PAL, and chest tube duration between the two groups. Based on our data, we recommend that surgeons use the stapling device with which they are most confident.
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